We prospectively randomised 78 patients into two groups, 'drains' or 'no drains' to assess the effectiveness of suction drains in reducing haematoma and effusion in the joint and its effect on wound healing after total knee replacement. Ultrasound was used to measure the formation of haematoma and effusion on the fourth post-operative day. This was a semiquantitative assessment of volume estimation. There was no difference in the mean effusion between the groups (5.91 mm in the drain group versus 6.08 mm in the no-drain, p = 0.82). The mean amount of haematoma in the no-drain group was greater (11.07 mm versus 8.41 mm, p = 0.03). However, this was not clinically significant judged by the lack of difference in the mean reduction in the post-operative haemoglobin between the groups (drain group 3.4 g/dl; no-drain group 3.0 g/dl, p = 0.38). There were no cases of wound infection or problems with wound healing at six weeks in any patient.
We prospectively randomised 78 patients into two groups, 'drains' or 'no drains' to assess the effectiveness of suction drains in reducing haematoma and effusion in the joint and its effect on wound healing after total knee replacement. Ultrasound was used to measure the formation of haematoma and effusion on the fourth post-operative day. This was a semiquantitative assessment of volume estimation. There was no difference in the mean effusion between the groups (5.91 mm in the drain group versus 6.08 mm in the no-drain, p = 0.82). The mean amount of haematoma in the no-drain group was greater (11.07 mm versus 8.41 mm, p = 0.03). However, this was not clinically significant judged by the lack of difference in the mean reduction in the post-operative haemoglobin between the groups (drain group 3.4 g/dl; no-drain group 3.0 g/dl, p = 0.38). There were no cases of wound infection or problems with wound healing at six weeks in any patient.
Our findings indicate that drains do not reduce joint effusion but do reduce haematoma formation. They have no effect on wound healing.
Surgical drains theoretically reduce the postoperative collection of fluid such as blood in a closed space. It is thought that blood collecting in the knee after total knee replacement (TKR) could impair wound healing, increase the risk of deep infection, and cause pain and stiffness with resultant delay in rehabilitation and extended hospital stay. 1 Haematomas form whether or not a drain is present, 2, 3 and closed suction drains continue to be used following TKR. 4 This might be due to conflicting reports in observational studies on the use of closed suction drains. 1, 5 Latterly there have been a number of studies questioning the use of drains after TKR. [6] [7] [8] Parker et al, 6 in a meta-analysis of randomised studies, concluded that the routine use of closed suction drains for elective hip and knee replacement may not be beneficial as patients required more transfused blood.
Most of these studies have measured various indirect parameters, including the levels of haemoglobin, the number of dressings required and the requirements for transfusion to assess the effectiveness of closed suction drainage. [9] [10] [11] We are not aware of any studies that have objectively measured the amount of residual haematoma and effusion or swelling in knees after TKR. In this study we used ultrasound to estimate the effectiveness of closed suction drains in reducing residual swelling in the knee joint and their influence on wound healing, after TKR, comparing patients in whom drains had been used to those without.
Patients and Methods
Between May 2006 and March 2007 a total of 85 patients with primary osteoarthritis of the knee, undergoing cemented TKR, were prospectively randomised into two groups: drain or no drain. Formal ethical approval was obtained and informed consent supplied. In the drain group patients received two deep drains. Sealed envelopes containing a card produced by computerised random number generation stating drains or no drains were opened immediately prior to suturing the quadriceps tendon. Patients with inflammatory arthropathy, revision TKR and those having bilateral TKR were excluded from the study. Patients requiring complex primary procedures, valgus malalignment > 15° and patients on anticoagulants were also excluded. All the TKRs were carried out by the senior author (SJC).
Seven patients could not be included in the study; in two, post-operative cardiac and respiratory problems arose which required admission to intensive care units in another hospital, making ultrasound assessment impossible. Five patients were erroneously discharged before ultrasound assessment could be carried out, leaving 78 patients for analysis.
A cemented posterior cruciate-retaining prosthesis was implanted in all patients (PFC; Johnson & Johnson, Bracknell, United Kingdom) through a medial parapatellar approach. A pneumatic tourniquet was used and deflated at the end of the operation when the dressings were in place. All patients received 1.5 g cefuroxime before inflation of the tourniquet, and two further 750 mg doses post-operatively at eight-hourly intervals. The femoral canal in all patients was sealed with autologous bone graft harvested from the resected anterior chamfer cuts. Haemostasis at the bleeding tissue edges was secured with diathermy. If patients were randomised to receive drains, two (Medinorm 600 System, Quierschied, Germany) were then placed deep to the quadriceps muscle and brought out through the lateral thigh. These high-vacuum drains were inserted using a 10 Charrière trocar with an attached drainage tube having a diameter of 3.3 mm. The wound was closed with layers of absorbable sutures and skin staples, and dressed with adhesive dressings, followed by wool and a crepe bandage. The drains were released immediately. The type of anaesthesia used for each patient was governed by clinical priorities and patient choice. Pneumatic antithrombotic prophylaxis (calf pumps) was used during surgery and throughout the duration of hospital stay. Low molecular weight heparin was not used in any patient. Of the 78 patients, 31 were on aspirin prior to operation; 16 of these had drains and 15 did not. Administration of aspirin was not stopped before or after surgery. Drains were removed on the first postoperative day with a mean time to removal of 20.1 hours (15 to 26). The post-operative rehabilitation was standardised in all patients, with mobilisation commencing the day after surgery. The haemoglobin levels were measured on the second post-operative day.
The residual amount of swelling in the knee joint was measured using ultrasound on the fourth post-operative day. The knee was examined with the patient supine and the knee in extension, using a Siemens Antares ultrasound system and a 13-5 VFX probe (Siemens, Erlangen, Germany). Where a haematoma or an effusion was seen, the maximum depth of thickness of each was recorded in millimetres. An effusion was defined as an anechoic area in the suprapatellar pouch. The length of the suprapatellar pouch in the craniocaudal direction was also measured. 12 A haematoma was defined as an echogenic area within the suprapatellar pouch. This is a semi-quantitative method of volume assessment. The ultrasound examination was carried out by one of two experienced musculoskeletal radiologists (PJO'C, AJG), who were blinded as far as was possible to the groups the patients were in by additional dressings placed on 'dummy' drain sites for patients without a drain. Patients were reviewed clinically at six weeks.
An inter-scan inter-observer agreement study was carried out on a subset of seven patients who had a TKR, with their consent, to assess the level of agreement of ultrasound measurements between the radiologists. These patients were not part of the study group. Statistical analysis. Owing to the lack of data in the literature on the amount of joint effusion and haematoma measured immediately after TKR, the sample size calculation of this study was powered on the wound complication rate. In order to detect an odds ratio of 5.0, 38 patients were required in each group, based on 5% significance and 80% power. NQuery v 6.1 (Statistical Solutions Ltd, Cork, Ireland) was used for the power analysis. The distribution of data was noted to be near normal (Table I) .
Student's t-tests were used to analyse the differences in the amount of joint effusion, haematoma, the length of the suprapatellar pouch, the tourniquet time and the postoperative levels of haemoglobin between the groups. Fisher's exact test was used to assess the difference in wound complications. Intra-class correlation coefficients were calculated to measure the level of agreement of ultrasound measurements between the radiologists (Table II) . The statistical analysis was performed using SPSS v 16 (SPSS Inc., Chicago, Illinois). A p-value of < 0.05 was considered to indicate statistical significance.
Results
There were 40 patients who had a drain and 38 who did not. Table III shows the age and gender of the two groups, showing no significant difference between them (Fisher's exact test p = 0.21 and p = 0.372, respectively). The overall agreement between the two radiologists was good for the seven pilot patients. For effusion, the mean difference was 0.10 (SD 0.62), and the intraclass correlation coefficient was 0.957. For haematoma, the mean difference was -0.46 (SD 0.69), and the intraclass correlation coefficient was 0.970, indicating a good level of agreement between the two radiologists. Table IV shows the mean effusion, haematoma and tourniquet time for each group. There was no statistically significant difference between the two groups for the amount of effusion and tourniquet time (p = 0.819 and p = 0.467, respectively). There was also no difference in the mean fall in post-operative haemoglobin concentration between the groups (drain group 3.4 g/dl (1.6 to 4.8) versus 3.0 g/dl (1.1 to 4.7) in no-drain group, p = 0.38, 95% confidence interval -0.5 to 1.2). The mean amount of haematoma measured was higher in patients who had no drain than in patients who had drains present (p = 0.025). There was also a statistically significant difference in the measured length of the filled suprapatellar pouch (p = 0.006), with the mean length noted to be greater in the no-drain group (Table IV) . Two patients in the no-drain group developed wound blisters (p = 0.24). In one patient the blisters resulted from an allergic reaction to the dressings used and resolved when the dressing was changed. An ultrasound examination showed that this patient had an effusion of 3 mm, haematoma of 13.8 mm and a suprapatellar pouch length of 74 mm. Tourniquet time for this patient was 63 minutes. We could not identify any cause for the blistering that occurred in the second patient. Ultrasound measurements for this patient were an effusion of 4.8 mm, haematoma 22 mm and suprapatellar pouch length of 80 mm. The tourniquet time was 49 minutes. At six weeks, all wounds had healed without problems. Wound infection was not seen in either group during the study period, including the seven patients who were initially randomised but were not excluded due to protocol violations.
For those patients who had a drain, the mean time to drain removal was 20.1 hours (15 to 26). The mean output was 725.7 ml (180 to 1400).
Discussion
Many surgeons continue to use closed suction drains following TKR, anticipating benefit in wound healing and improved rehabilitation. Haematomas are low in opsonic proteins and are thought to provide an excellent culture medium for bacteria. 13 Waugh and Stinchfield 1 advocated the use of suction drainage in orthopaedic surgery after their review of 100 patients suggested that the rate of infection was higher in patients who did not have drains inserted. Recent studies have questioned the efficacy of suction drains in reducing joint haematoma after TKR. Esler et al 11 in a randomised prospective study of 100 patients, measured drainage, the weight and number of dressings required, the change in haemoglobin concentration and the degree of ecchymosis, concluded from this indirect assessment that there was no evidence to support the use of closed suction drains.
Varley et al 14 used ultrasound to measure residual haematoma in patients undergoing surgery for a fractured neck of femur and concluded that drains were effective in reducing haematoma only while they remained in situ. They found no difference in the size of the haematoma in drained and non-drained wounds once the drains had been removed. The influence on wound healing and infection was not examined, but they questioned the accepted mechanisms by which drains are thought to work in preventing wound problems.
The amount of effusion in our study was not significantly different between the groups. Although the amount of haematoma formation and the overall distension of the 14 who found that drains were effective in reducing haematoma only while in situ, our study suggests that drains do reduce the amount of haematoma formed even after they are removed. The fact that not all the compartments of the knee were measured may explain the difference in the observed size of haematoma between the groups. However, the measurements were standardised in all patients, providing reasonable assessments of the amounts of haematoma and effusion. Another explanation for this observed difference may be because ultrasound examination is operator dependent, especially as each knee was assessed by one examiner only, in spite of a high inter-observer agreement between the radiologists. Aspirin was not stopped in 31 patients before or after surgery. This might have affected haemostasis, leading to more bleeding and hence an increase in haematoma formation. It is also possible that the observed increase in the size of the haematoma in the non-drained group may suggest an increase in occult blood loss after TKR. Mengal et al 15 reported similar findings and suggested that an increase in concealed blood loss does not necessarily mean an increase in total blood loss. This is in keeping with our findings, which showed no difference in the post-operative fall in haemoglobin concentration.
Haematomas form despite best efforts at securing haemostasis and regardless of use of a drain. Clearly, surgeons should be meticulous in their haemostasis, using techniques such as plugging the femoral intramedullary canal with autologous bone graft or cement to reduce the amount of bleeding and subsequent haematoma formation. 16 Compressive pressure dressings also help reduce post-operative bleeding through a tamponade effect. Several studies have shown a reduction in post-operative bleeding by using local haemostatic agents such as fibrin spray and platelet gel, [17] [18] [19] but these are expensive. Haematomas appear to produce a tamponade effect. Tsumara et al, 20 in a study of re-infusion drains in TKR, which included an assessment of the effect of clamping the drain, found that the mean blood volume drained reduced from 662 ml to 352 ml when early clamping was performed. Jones et al 8 in a comparative study of autologous transfusion drains versus no drains, concluded that there was no measurable benefit in their use. Reduced blood loss in TKR can also be achieved by delayed 21 or intermittent drainage. 22 These methods rely on the tamponade effect a haematoma creates, which may be reduced in the presence of a drain. We chose immediate wound drainage in our study, to allow for direct comparison between no drainage and drainage of wounds.
Blood in the knee joint following TKR exists in two phases: a fluid phase (effusion) and a solid phase (haematoma). Calculating the true volume of effusion and haematoma is very difficult because of the numerous synovial recesses and complex anatomy of the knee joint. D'Agostino et al 12 defined joint effusion as an anaechoic area within the suprapatellar recess measured at the maximal depth observed with the knee in extension, and this has been followed in other studies. 23 However, Boldt et al 24 calculated the cross-sectional area of an effusion with the two-dimensional ellipsoid formula π × a × b/4, where a and b were the largest transverse and anteroposterior diameters of the effusion in the suprapatellar pouch and medial and lateral gutters, and accepted that this was only an estimate of the volume of effusion. Haematomas appear echoic on ultrasound and can be seen within the distended suprapatellar pouch. We measured the effusion as the maximum thickness of effusion in the suprapatellar pouch because, although it is a semi-quantitative measurement, it is a relatively simple technique. As we standardised the method in all patients, we believe that we obtained a reasonably representative assessment of the amount of effusion and haematoma. However, the semiquantitative measurement is a limitation of the study. Benoni et al 25 quantified haematomas soon after total hip replacements, but we are not aware of any similar studies after TKR. Ultrasound examination was carried out on the fourth post-operative day because most of the bleeding would have ceased by five to seven days. 26 Ultrasound is a proven method of assessing joint effusion, haematoma and other anatomical details around joints. [27] [28] [29] This study has some limitations. The complication rates were assessed at a short post-operative period of six weeks. Depending on the virulence of a micro-organism and the immune defences of the host, an infection established during this time may manifest later. Many similar studies have a relatively short follow-up, a point noted in a metaanalysis by Parker et al. 6 However, they concluded that there was no significant difference in the rates of wound infection in the articles they reviewed, most of which did not have a long follow-up. No statistically significant difference in the incidence of infection in drained and nondrained knees was found in a study with a five-year followup. 11 Beer et al 30 also concluded that the presence of a drain did not reduce wound complications after TKR. A drain potentially causes morbidity such as pain, persistent leakage and portals for infection. 31 We have not assessed range of knee movements but no difference was found between drained and non-drained knees in a meta-analysis. 6 Mengal et al 15 found no differences in the functional recovery between the groups. As alluded to earlier, ultrasound examination is operator dependent and it would have been preferable to have all knees in the study assessed by two examiners. The complex compartments of the knee make estimation of joint effusion and haematoma difficult. We did not use low molecular weight heparin in our patients, and it is possible that its use might have altered our findings. These limitations may have a bearing on the findings in our study and may make them indicative rather than conclusive.
The most common justification given for draining knee replacements is to reduce the amount of swelling, which might cause the complications noted above. Our study has shown that drains do not appear to achieve this aim, but do reduce the amount of haematoma formed. However, the haematoma formed does not appear to affect wound healing. It may be that occult blood loss increases after TKR but the total blood loss does not. Research to compare occult blood loss sonographically with total blood loss would need to be carried out to investigate this further.
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